Enrichment of Artemia nauplii with essential fatty acids and vitamin C: effect on rainbow trout (Oncorhynchus mykiss) larvae performance by Akbary, P. et al.
March
   Iranian Journal of Fisheries Sciences                                                               10(4) 557-569                    2011     
Enrichment of Artemia nauplii with essential fatty acids and 
vitamin C: effect on rainbow trout (Oncorhynchus mykiss) larvae 
performance 
 
Akbary P.*; Hosseini S. A.; Imanpoor M. R. 
 
   
 
Abstract 
The effect of essential fatty acids (EFA) and vitamin C-enriched Artemia nauplii on growth, 
survival, and resistance to temperature (high) stress in rainbow trout larvae reared in tanks 
were investigated. The larvae (average weight 120.43mg±13.5) were fed 6 times daily 
starting at the onset of exogenous feeding for 1 week. Triplicate groups of fish were offered 
one of four treatments (1) commercial starter food for rainbow trout، (2) newly hatched 
Artemia nauplii (unenriched)  ، (3) highly unsaturated fatty acid (HUFA) + vitamin C-enriched 
Artemia nauplii and (4) combination of 10 % HUFA+ vitamin C enriched nauplii and 
commercial starter food. After 1 week, all groups of fish were switched to the commercial 
diet for an additional period of 3 weeks. Statistical analysis of growth after the first week and 
at the end of the experiment, showed that growth of larvae in various treatments was 
significantly different (P<0.05). After 4 weeks, the larvae in treatment 3 with the average 
weight of 657.50 ± 57.93 mg had the highest body weight (P<0.05). The highest percentage 
of survival (96%) was observed in treatment 3 (P<0.05). Proximate compositions of trout 
larvae after one week feeding with experimental diets showed that the protein in the larvae of 
treatments 3 and 4 was significantly different compared to other treatments (P<0.05). The 
best result of resistance to temperature (up to 24
º
C) was observed in larvae reared on 
treatment 3 with 91.34 ± 1.52 percent (P<0.05). 
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Introduction 
Successful rearing of larval fish is the most 
critical stage in the production cycle for 
many species. Oncorhynchus mykiss has a 
promising market potential in Europe, East 
and South Asia. It is also an important 
aquaculture species in Iran. The high 
nutritional quality of its flesh encourages 
investigations on the aquaculture potential 
of this excellent food fish (Sedgwick, 
1990). The consumer demand stimulated 
the development of intensive aquaculture 
of this species in Asian countries. The 
problem in rearing larval fish is that of 
food supply (Leger et al., 1986). Therefore 
a readily available, easily acceptable and 
highly digestible diet with high nutritional 
value should be used as larval fish starter 
diet (Girii et al., 2002). 
Improvements in larval nutrition 
are necessary to solve some of these 
problems to come up with a viable and 
dependable Oncorhynchus mykiss 
larviculture technology for commercial 
scale application. 
Species reared successfully in 
aquaculture have generally been large 
larvae with fully developed digestive 
systems at the first feeding stage, e.g. 
salmon, trout and catfish. Live prey 
organisms, primarily zooplankton, have 
been used to raise the larvae of fish species 
which cannot be reared on prepared feeds 
(Leger et al., 1987). Among zooplankton, 
brine shrimp (Artemia spp.) and rotifers 
(Brachionus plicatilis) have been used 
most extensively as live food for rearing 
marine and freshwater fishes (Leger et al., 
1987; Bengtson et al., 1991; Hosseinpour 
et al., 2010). The use of Artemia nauplii is 
well established due to its many 
advantages: year- round availability as on- 
the shelf cysts; good nutritional value for 
some fish; and relatively easy 
improvement through simple enrichment 
techniques (Leger et al., 1987). Nutritional 
deficiencies have been another concern 
when using brine shrimp. Some stocks of 
Artemia nauplii have shown a deficiency 
in eicosapantaenoic acid (EPA; 20:5n-3) 
and doccosahexanoic acid (DHA; 22:6n-3) 
(Takeuchi and Watanabe, 1982). The 
essential fatty acids (EFA) for fish are 
broadly recognized to comprise 
polyunsaturated fatty acids (PUFA) with 
carbon chain lengths of 18 and HUFA with 
carbon chain lengths of 20 and 22, of both 
the n-3 and n-6 series. These fatty acids 
cannot be synthesized by the fish de novo, 
though the 18- carbon PUFA can be 
converted by some species to longer- 
chain, more highly unsaturated fatty acids 
of the same series (Sargent et al., 1989). 
On the other hand, ascorbic acid is also an 
important micronutrient in fish diet. It is 
needed in the synthesis of collagen 
necessary in the formation of connective 
tissues and bone matrix (Dabrowski et al., 
1994). Hence, these fatty acids and 
vitamin C must be provided in the diet to 
meet the fish
 
requirements.  
Several studies have demonstrated 
the positive effect of enriched live food on 
the growth and survival performance of 
various aquaculture species (Gapasin et al., 
1998; Lim et al., 2002; Noori et al., 2005). 
The effects of supplemental ascorbic acid 
in enriched live food for Clarias garipinus 
larvae of start feeding (Merchie et al., 
1997), labrox and Clarias gariemus 
(Merchie et al., 1995b), Chanos chanos 
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(Gapasin et al.,1998), Penaeus monodon 
(Merchie et al 1998), Penaeus vannamei 
(Wouters et al.,1999) and Bidyanus 
bidyanus (Smith et al.,2004) has been 
investigated. 
The aim of this study was to test the effect 
of EFA and ascorbate supplementation in 
enhancing rainbow trout larval growth, 
survival and resistance to temperature 
stress (up to 24
 º
C). 
Materials and methods 
Artemia cysts (Urmia Lake, Iran) were 
hatched following standard procedures 
(Sorgeloos et al., 1993; Lavens and 
Sorgeloos., 1996). Newly hatched Artemia 
(Instar I) nauplii (200,000 nauplii / l) were 
divided in batches in 5 liter plexiglass 
tanks. The enrichment protocol followed 
the method of Treece, (2000). 30g of 
gelatin was dissolved in 800 ml boiled 
deionized water and was left to cool to 
40
º
C.  160 ml cod liver oil was mixed with 
ascorbic acid (16g) and 4 raw egg yolks, it 
was homogenized using a blender and 
stored in the refrigerator for 1 week. 0.5 
ml of the enrichment suspension 
(assuming a density of 200 Artemia per 
ml) was added per liter to the incubation 
water at the onset of the enrichment 
period. Another 0.5 ml/l of the enrichment 
diet was added 12 hours before harvesting 
and nauplii were harvested after 24 hours. 
Newly hatched Artemia nauplii served as 
the control (Leger et al., 1987; Treece, 
2000). Samples of unenriched and 
enriched Artemia were also collected 
regularly and stored at -20ºC. These 
samples were later used for the analysis of 
fatty acid methyl esters. Vitamin C was 
not analyzed in the present study. 
The four treatments (in a 
completely randomized design with 3 
replicates per treatment) were: (1) larvae 
fed commercial starter food ≠2 or ≠3 
(Bioproducts, Inc., France, 58% protein, 
15% lipid and 11% ash); (2) larvae fed 
newly hatched Artemia nauplii; (3) larvae 
fed HUFA+vitamin C enriched Artemia 
nauplii and (4) larvae fed a combination of 
10% HUFA+vitamin C enriched nauplii 
and commercial starter food. Treatment 1 
served as control. The fish larvae in all 
treatments were fed 6 times per day (4, 8, 
12, 16, 20 and 24 hours). The daily ration 
was adjusted according to larvae weight 
gain after 7 and 14 days of rearing. Trout 
larvae at the first feeding stage (swim up) 
were obtained from a local Oncorhynchus 
mykiss hatchery, in Gorgan, Iran. 1200 
uniformly sized yolk-sac larvae 
(120.63mg±13.50 SD) were randomly 
divided into 12 groups (four treatments, 
three replicates) of 100 individuals. Fishes 
of each group were transferred in to a 35 
liter tank using flow-through system at the 
rate of 0.5 L/h. Aeration was applied 
through a number of narrow pipes 
terminating to bubbliers. Culture tanks 
were cleaned daily, and physic-chemical 
parameters were measured every morning 
prior to feeding. Water quality was 
maintained within optimum range: 
temperature (9.3
 
±1.36
 º
C), dissolved 
oxygen (7.8-8.6 mg/l), pH (8- 8.2), total 
ammonia (0.5±0.03 mg/l), residual 
chlorine (0.05±0.03 mg/l) and the 
photoperiod was set at 12L: 12D cycle 
(light period from 8-20 hours) and light 
intensity was kept at 40 lux at the tank 
surface. Dead larvae were removed twice 
daily and counted. Feeding was stopped 
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six hours prior to sampling fish for 
chemical analysis and growth 
measurement on days 8, 21 and 29. Ten 
fish from each replicate were randomly 
harvested at weekly intervals, bulk- 
weighted and the total length (TL) was 
taken. The amount of feed fed per group 
was recorded weekly and used to calculate 
feed efficiency ratios (Wang et al., 2005). 
90 fish per treatment were randomly 
collected (30 fish per replicate tank) on 
days 7 and 28. Samples were oven-dried at 
60
 º
C for 24 h then stored at -20 
º
C. These 
dried samples were later analyzed for fatty 
acid methyl esters (Lepage and Roy, 
1986), using flame ionization, (DANI-
1600 models, Italy). Proximate 
composition; moisture, crude protein, 
crude lipid and ash were also measured in 
duplicate using standard methods (AOAC, 
1990). Moisture by drying samples at 105
 
º
C overnight, protein by measuring 
kjeldahl nitrogen, lipid was analyzed by 
ether extraction using a soxhlet system, 
and ash by heating for 5h at 550
 º
C in a 
muffle furnace. 
Twenty nine day- old trout larvae 
were subjected to temperature stress test 
following the method described by Ako et 
al., 1994; and Kanazawa, 1995). The test 
involved immersing fish 10 fish 
larvae/replicate in 24 
º
C for a period of one 
hour. The mortality was recorded at every 
5 min intervals. Results were expressed as 
% total body dry weight  
SGR% = 
             
     
                     (Koueta et al., 2002) 
SGR=specific growth rate                                 final weight (mg) of each fish 
    Initial weight (mg) of each fish          t= duration of the experiment in days  
BWI%= 
       
   
                                  (Koueta et al., 2002) 
BWI=body weight Increase                             Initial weight (g) of each fish 
      Final weight (g) of each fish 
IWG (mg/day) = 
  
 
                 (Lara-Flors et al., 2003) 
IWG=increased weight gain               WG=weight gain (g) 
CV SGR%= 
  
        
 100         (Wang et al., 2005) 
CV SGR= coefficient of variation for SGR 
SD=standard deviation of SGR 
FCR= 
                     
                            
          (Lara-Flors et al., 2003) 
At the end of the experiment the number 
of surviving fish was recorded and used 
for calculating mortality. Diet effects on 
total length, survival, weight, SGR and 
temperature stress were analyzed using 
two-
 
way analysis of variance (ANOVA)
 
(SPSS version 9).
 
Results 
Fatty acid contents of newly hatched and 
enriched Artemia are shown in Table 1. 
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The individual fatty acid levels were 
consistently higher (except for 18: n-9 and 
16:0) in the HUFA+ vitamin C-enriched 
nauplii than in the newly hatched nauplii. 
The HUFA, EPA and DHA levels 
(8.99±0.29, 7.72±0.32 and 1.27±0.25 mg/g 
DW respectively) were highest in 
treatment 3.  
 
: Certain fatty acids (mg FA/g DW) of newly Artemia nauplii (A), 
Artemia enriched with HUFA +vitamin C (B) 
Fatty acid A B 
14:0 1.30±0.10 1.30±0.20 
16:0 15.79± 0.39 15.50±1.95 
18:0 3.99±0.78 4.53±0.07 
18:1n-9 18.35±0.47 16.67±0.43 
18:2n-6 1o.12±1.95 11.33±0.54 
18:3n-3 30.48±1.83 36.43±0.37 
20:5n-3 2.80±0.43 7.72±0.32 
22:6n-3 tr 1.27±0.25 
SFA 21.41±0.84 22.59±0.30 
USFA 62.51±0.57 67.83±0.37 
PUFA 27.18±1.84 43.42±3.5 
HUFA 2.80±0.43 8.99±0.28 
*Data are mean±SD (n=3), SFA=saturated fatty acid, USFA= unsaturated 
fatty acid, HUFA= highly unsaturated fatty acid and PUFA=poly unsaturated 
acid, tr=trace 
Fatty acid content of trout larvae is shown 
in Table 2. The EPA (2.98±0.32 mg/g 
DW) and DHA (0.36±0.10 mg/g DW) 
levels in treatment 3 were generally high 
compared to other treatments.  The PUFA 
level was significantly different in all 
treatments (P<0.05), with highest PUFA 
observed in treatment 3 (P<0.05). The 
HUFA level was high in treatment 3 and in 
other treatments it was zero (Table2). 
Table 2: Whole- body fatty acid composition (mg FA/g DW) of 29-day old trout larvae fed different diets  
Fatty acid Treatment 1 Treatment 2 Treatment 3 Treatment 4 
14:0 3.49±0.17
a 
0.69±0.03
c 
0.85±0.094
c 
3.12±0.06
b 
16:0 23.86±0.25
b 
22.68±0.15
c 
19±0.19
d 
28.44±0.11
a 
18:0 1.8±0.16
d 
6.23±0.25
a 
5.82±0.11
b 
4.22±0.18
c 
18:1n-9 14.99±0.08
c 
14.67±0.08
d 
16.61±0.14
a 
15.48±0.19
b 
18:2n-6 18.07±0.11
b 
13.95±0.21
c 
12.23±0.12
d 
19.55±0.26
a 
18:3n-3 1.36±0.069
d 
3.26±0.20
b 
5.31±0.08
a 
2.6±0.15
c 
20:5n-3 - - 2.98±0.032 - 
22:6n-3 - - 0.36±0.10 - 
SFA 19.14±0.11
b 
17.84±0.06
d 
21.01±0.032
a 
18.84±0.20
c 
USFA 39.15±0.19
b 
34.10±0.19
d 
37.91±0.032
c 
41.15±0.12
a 
PUFA 1.29±0
d 
3.30±0.21
b 
8.14±0.26
a 
2.91±0.16
c 
HUFA - - 3.44±0.23 - 
*Values in each rows with different superscripts are significantly different (P<0.05) 
 
D
ow
nl
oa
de
d 
fro
m
 jif
ro.
ir a
t 1
6:2
3 +
03
30
 on
 M
on
da
y F
eb
rua
ry 
12
th 
20
18
  562                    Akbary et al., Enrichment of Artemia nauplii with essential fatty acids and vitamin C …..                                            
Fish in treatment 2 had the lowest 
unsaturated fatty acid (HUFA) 
significantly lower than other treatments 
(P<0.05). Trout fed Artemia enriched with 
HUFA+ vitamin C (treatment 3) exhibited 
significantly higher (P<0.05) growth 
compared to other treatments after 29 days 
of culture (Table 3). Growth trends were 
consistent in all 4 treatments and observed 
to be relatively better in treatment 3 or 
treatment 4 compared with treatment 1 and 
2. Different treatments, showed significant 
difference in the CV for SGR over the 
course of experiment (P<0.05). Larvae fed 
commercial starter food showed 
significant increase in CV for SGR while 
the lowest was observed in treatment 3 
(Table 4). 
 
Table 3: Average weight and total length 
a
, percent weight gain of fish fed various 
dietary treatments. Values are mean ± standard deviation (n=3) 
Treatment  Time (day)  
Average weight 
(mg)  
Average total 
length (mm  
%weight gain  
1  8  180.1±7.6
d
  21.07±1.1
b
  8.63±1.50
d
  
2  8  202.76±8.3
c
  27.72±0.4
b
  11.82±1.1
c
  
3  8  219.4±20.5
a
  28.44±0.9
a
  13.63±1.8
a
  
4  8  210.7±19.1
b
  28.16±0.8
a
  12.73±1.5
b
  
1  21  362±22.2
b
  33.44±0.7
c
  11.53±0.4
c
  
2  21  358.86±26
b
  34.02±0.7
b
  11.37±0.6
c
  
3  21  428.13±28.2
a
  35.42±0.81
a
  14.48±0.9
a
  
4  21  417.33±19
a
  35.07±0.5
a
  14.08±0.9
a
  
1  29  568.3±20.7
c
  38.7±0.4
c
  15.47±0.2
c
  
2  29  560.63±27.3
c
  38.75±0.6
c
  15.19±0.5
c
  
3  29  657.5±57.9
a
  40.74±1.1
a
  18.39±1.7
a
  
4  29  596.5±39.2
b
  40.01±0.7
b
  16.37±1
b
  
*Within columns values with different superscripts are significantly different (P<0.05) 
a
 Initial weights and lengths of trout larvae 120.63(mg) ±13.50 SD and 23.26 (mm)± 
0.90 SD respectively 
When 29- days-old trouts were subjected 
to temperature stress, mortality rates of the 
HUFA+ vitamin C-treated (treatment 3) 
and 10% HUFA+ vitamin C+ commercial 
starter food treated fish (treatment 4) were 
significantly lower (P<0.05) than other 
treatments (Table 5). The highest mortality 
was observed in treatment 1. After 29 days 
of culture, survival significantly differed 
among the treatments (P<0.05). The 
highest survival was observed in treatment 
3  (Table 6).  The   chemical    composition  
 
analysis of trout larvae of each treatment 
on days 8 and 29 (Table 7) showed that the 
crude protein level changed after either 1 
week or 4 weeks of sampling. The lowest 
level of protein (65.60 %) was in treatment 
1 after 1 week and 68.70% after 4 weeks. 
The highest protein level (67.71% and 
71.82%) after 1 and 4 weeks respectively 
was in treatment 3. The highest level of 
crude lipids in the carcass of larvae 
14.64% was found in treatment 1 while the 
lowest (13.67%) was in treatment 2. 
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Table 4: Specific growth rate (SGR), food conversion ratio, body weight increase (BWI) per day and 
coefficient of variation for SGR of fish fed various dietary treatments. Values are mean ± 
standard deviation (n=3)  
Treatment Time (day) 
SGR%/day 
%BWI  CV of SGR % 
Feed 
conversion 
ratio 
1 8 5.95±1.52
b 
52.57±17.1
b 
26.98±6
c 
0.7±0.05
c 
2 8 7.59±1.3
a 
70.9±16.8
a 
18.10±2.8
b 
0.48±0
b 
3 8 8.12±0.5
a 
76.72±6.3
a 
6.30±0.4
a 
0.42±0.01
a 
4 8 7.83±0.5
a 
73.23±6.6
a 
7.18±0.5
a 
0.46±0
ab 
1 21 25.30±0.4
b 
205.79±27.7
b 
7.77±0.5
d 
0.69±0.04
a 
2 21 5.24±0.32
b 
201.41±21.3
b 
6.12±0.34
b 
0.69±0.01
a 
3 21 5.90±0.11
a 
245.47±8.3
a 
1.91±0.03
a 
0.74±0.03
a 
4 21 5.88±0.18
a 
244.08±13.5
a 
1.82±0.03
a 
0.77±0.03
b 
1 29 5.40±0.
3bc 
381.37±51.5
b 
6.50±0.4
c 
0.62±0.03
a 
2 29 5.34±0.3
c 
372.42±45.2
b 
5.82±0.3
b 
0.79±0.01
c 
3 29 5.74±0.11
b 
429.82±18
a 
1.91±0.03
a 
0.74±0.02
c 
4 29 5.48±0.1
a 
391.12±14.9
b 
1.82±0.03
a 
0.69±0.02
b 
*Within columns values with different superscripts are significantly different (P<0.05) 
 
Table 5: Results of temperature stress (24
º
C) on mortality rates of different treatments in 29- day-old 
trout  
Treatment 1 2 3 4 
Mortality% 66±1
c 
85±1
b 
99.33±1.5
a 
84±1
b 
*Within rows values with different superscripts are significantly different (P<0.05) 
 
 
Table 6: Survival of trout larvae fed different diets during rearing period .Values are mean ± standard 
deviation (n=3)  
 Survival% 
Treatment Day 1-7 Day 7-21 Day21-29 Day 1-29 
1 86±3.51
c 
87±2.99
b 
90±0.81
b 
67±1
d 
2 96±1.15
ab 
94±2.12
a 
93±3.43
ab 
84±2
c 
3 98±1.15
a 
99±0.64
a 
99±0.6
a 
96±1
a 
4 93±1.52
b 
95±2.77
a 
95±2.77
ab 
88±2.08
b 
*Within columns values with different superscripts are significantly different (P<0.05) 
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Table 7: Proximate analyses expressed in percent dry weight (mean ±SD) of trout larvae carcass 
sampled at first week and at the end of the experiment. Within columns values with 
different superscripts are significantly different (P<0.05) 
Treatment  Time(day)  Moisture  %  Protein %  Lipid %  Ash %  
1  8  81.61±0.10
a
  65.60±0.25
d
  12.05±0.56
a
  7.07±0.40
d
  
2  8  81.02±0.44
b
  66.99±0.13
b
  11.3±0.07
b
  11.3±0.07
b
  
3  8  81.06±0.54
b
  67.71±0.49
a
  12.01±0.31
a
  6.98±0.39
a
  
4  8  81.05±0.18
b
  67.30±0.15
c
  11.33±0.46
b
  6.87±0.54
c
  
1  29  83.61±0.53
a
  68.70±0.55
c
  14.64±0.46
a
  7.31±0.79
ab
  
2  29  83.61±0.53
a
  70.08±0.77
a
  13.67±0.30
d
  7.61±0.29
ab
  
3  29  81.5±0.4
b
  71.82±0.28
ab
  14.15±0.14
c
  7.32±0.55
a
  
4  29  81.25±0.34
b
  69.25±0.34
b
  14.36±0.22
b
  7.39±0.47
b
  
 
Discussion 
 Several studies have demonstrated the 
positive effect of enriched live food on the 
growth performance of various species. 
HUFA- enriched Artemia nauplii fed to 
fenneropenaeus indicus  (Taiebi, 2001), 
Sepia oficinalis (Koueta et al., 2002), and 
Chanos chanos (Gapasin et al.,1998) 
exhibited better growth and survival. 
Gilthead sea bream larvae also grow better 
if fed rotifers enriched with highly 
unsaturated n-3 HUFA (Mourente et al., 
1993). Similar to the finding of Tamaru et 
al., 1993 and Hosseinpour et al., 2010, in 
the present study significant differences 
were found in the growth of 8- days– old 
trout larvae fed different diets, larvae fed 
Artemia enriched with HUFA+vitamin C 
(treatment 3) exhibited significantly higher 
growth than larvae fed commercial food 
(treatment1) after 29 days of culture 
(Table3 and 4). On the other hand, survival 
of 29 days-old trout fed various diets were 
significantly different (Table 6) supporting 
the results of Ako et al., (1994); Gapasin et 
al., (1998) and Taebi, (2001). In the first 
week, the Oncorhynchus mykiss larvae fed 
unenriched Artemia nauplii, obtained 
higher growth rates compared to those fed 
the commercial diet (treatment1) (table3). 
In our study the proximate composition of 
Artemia nauplii was 61.7% protein; 
11.44% lipid and 6.78% ash on a dry 
weight basis (DW). It may be explained 
that the higher dietary protein level can 
meet the requirements of body protein 
synthesis in early stages and then support 
fast growth of larvae (Watanabe et 
al.,1987b). The proteolytic enzymes in 
Artemia may play a significant role in 
contributing to the digestion process, in 
addition to digestion brought about by the 
proteolytic enzymes of the fry itself 
(Bengeston et al., 1991). 
  Milkfish larvae given Artemia 
enriched with HUFA+ vitamin C showed 
better growth and higher survival after a 
stress test (Gapasin et al., 1998). Ako et 
al., 1994; Gapasin et al., 1998 observed no 
or few mortalities among fish fed Artemia 
enriched with menhaden oil (high DHA: 
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EPA ratio) compared to high mortalities 
among fish fed unenriched Artemia. Red 
sea bream (Pagrus major) and marble sole 
(Euryglossa orientalis) larvae given diets 
containing DHA and lecithin tolerated 
temperature and salinity changes, low 
oxygen and air exposure better than the 
larvae given DHA and lecithin- free diets 
(Kanazawa, 1995). Furuita et al., (1995 a, 
b) reported that yellowtail larvae and red 
sea bream juvenile fed Artemia enriched 
with DHA exhibited higher survival in the 
stress test than those fed Artemia enriched 
with EPA. In the present study, trout 
larvae fed Artemia enriched with HUFA+ 
vitamin C (treatment3) showed better 
growth and increased resistance to 
temperatures than those given unenriched 
diet (treatment 2) and commercial diet 
(treatment1). This result is similar to 
Chanos chanos (Gapasin et al., 1998) 
Sepia officicinalis (Koueta et al., 2002). 
Takeuchi and Watanabe (1987); 
Takon (1990) reported that a dietary 
deficiency of the essential fatty acids 
(EFA) is manifested as poor growth, 
increased water content of the muscle, 
high liver lipid content and poor feed 
efficiency that were similar to our study 
(Table 7).  
In the current investigation, the 
larvae fed by HUFA+ vitamin C for 1 
week exhibited more resistance to 
temperature stress (Table5), compared to 
treatment 1. The lowest mortality value 
consistently occurring in fish treated with 
HUFA+ vitamin C (treatment 3) may 
indicate that ascorbic acid supplementation 
enhanced resistance to stress. When 
subjected to salinity stress test, 20 day old 
Clarias gariepinus larvae fed ascorbate- 
supplemented diet exhibited significantly 
low mortality than those larvae fed an 
ascorbate free diet (Merchie et al., 1995). 
Although it is possible that HUFA alone 
may have improved growth performance 
in trout (as reported in chonos chonos by 
Gapasin et al., 1998), the synergistic effect 
of vitamin C cannot be neglected. Better 
growth was observed among tilapia finger 
lings (Anadu et al., 1990) and plaice 
(Rosenlund et al., 1990) fed diets 
supplemented with ascorbic acid. 
The preceding studies attest the 
importance of EFA and/or vitamin C in 
fish growth and development. Trout fed 
with EFA + vitamin C exhibited 
significantly (P<0.05) higher growth than 
those given unenriched live food after 29 
days of culture. When subjected to 
temperature stress, mortality of the EFA + 
vitamin C- treated fish was significantly 
lower (P<0.05) among the treatment 
groups. Optimum requirements of these 
nutrients in trout, however, are not yet 
known.   
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 .… C nimativ dna sdica yttaf laitnesse htiw iilpuan aimetrA fo tnemhcirnE ,.la te                     IIyrabkA
اثر ريي لاري :Cغىي سبزي وبپلئًس آرتميب بب اسيدهبي چرة ضريري ي ييتبميه 
 قسل آلاي روگيه كمبن
2ايمبوپًرمحمد رضب  ،2حسيىي، سيد عببس *1اكبريپريب  
 
 چكيدٌ
ريی میشان رضذ، ثقبء ي مقبيمت ثهٍ اسهتزس  Cدر ایه تحقیق اثز وبپلئًس آرتمیبی غىی ضذٌ ثب اسیذَبی چزة ضزيری ي يیتبمیه 
لاريَبی تبسٌ ثٍ تغذیهٍ . در لاريَبی قشل آلای روگیه كمبن پزيش یبفتٍ در حًضچٍ َب مًرد ثزرسی قزار گزفتٍ ضذ)دمبی ثبلا(دمب
تکزار كهٍ تیمهبر  تیمبر َز كذام ثب سٍ 4ثٍ مذت یک َفتٍ . ثبر تغذیٍ ضذوذ 6ريساوٍ ) میلی گزم021/34±31/5ثب متًسط يسن(افتبدٌ
وهبپلئًس ) 3تیمبر ،) غىی وطذٌ(وبپلئًس آرتمیب تبسٌ تخمٍ گطبیی ) 2تیمبر  ،غذای آغبسیه تجبری ثزای قشل آلای روگیه كمبن) 1
درصهذ اس وهبپلئًس آرتمیهبی غىهی ضهذٌ ثهب  01تزكیهت )  4ي تیمهبر Cيیتبمیه + آرتمیبی غىی ضذٌ ثب اسیذَبی چزة ثلىذ سوجیزٌ 
َمٍ تیمبرَبی مبَی ،ثعذ اس یک َفتٍ . ثٍ َمزاٌ غذای آغبسیه تجبری مبَی قشل آلا است Cيیتبمیه + ىذ سوجیزٌ اسیذَبی چزة ثل
آوبلیش آمبری اس رضذ ثعذ اس یک َفتٍ ي پبیهبن ديرٌ آسمهبیص وطهبن داد كهٍ میهشان . َفتٍ استفبدٌ كزدوذ 3اس غذای تجبری ثٍ مذت 
ثههب متًسههط يسن  3َفتههٍ لاريَههبی تیمههبر  4ثعههذ اس ) . <P0/50(دار ثههًد رضههذ در تیمبرَههبی مختلههی دارای اعههت  معىههی 
ثزرسی اس  . مطبَذٌ ضذ 3در تیمبر ) درصذ63(ثیطتزیه درصذ ثقب ). <P 0/50(میلی گزم ثیطتزیه يسن را وطبن دادوذ756/05±75/33
اعت  معىهی  4ي  3ئیه در لاريَبی تیمبر تزكیجبت  تقزیجی ثذن لاري قشل آلای روگیه كمبن در َفتٍ ايل وطبن داد كٍ میشان پزيت
) درجٍ سبوتی گهزاد  42ثبلای (ثُتزیه وتیجٍ اس میشان مقبيمت لاري در مقبثل استزس دمب ).  <P 0/50(دار ثب ثقیٍ تیمبرَب داضتٍ است
 درصذ مطبَذٌ ضذ  13/43±1/25ثٍ میشان  3در تیمبر 
 رضذ ي ثقبء ،استزس ،قشل آلای روگیه كمبن ،Cيیتبمیه ، اسیذ َبی چزة :ياشگبن كليدي 
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